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∂
∂t
(W ) +
∂
∂x
(f − fv) + ∂
∂y
(g − gv) + ∂
∂z
(h− hv) = 0 M N
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W =
⎛⎜⎜⎜⎜⎝
ρ
ρu
ρv
ρw
ρE
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f =
⎛⎜⎜⎜⎜⎝
ρu
ρu2 + p
ρuv
ρuw
u(ρE + p)
⎞⎟⎟⎟⎟⎠ , g =
⎛⎜⎜⎜⎜⎝
ρv
ρvu
ρv2 + p
ρvw
v(ρE + p)
⎞⎟⎟⎟⎟⎠ , h =
⎛⎜⎜⎜⎜⎝
ρw
ρwu
ρwv
ρw2 + p
w(ρE + p)
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fv =
⎛⎜⎜⎜⎜⎝
0
τxx
τxy
τxz
(τU)x − qx
⎞⎟⎟⎟⎟⎠ , gv =
⎛⎜⎜⎜⎜⎝
0
τyx
τyy
τyz
(τU)y − qy
⎞⎟⎟⎟⎟⎠ , hv =
⎛⎜⎜⎜⎜⎝
0
τzx
τzy
τzz
(τU)z − qz
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τxx =
2
3
μ
(
2
∂u
∂x
− ∂v
∂y
− ∂w
∂z
)
τyy =
2
3
μ
(
−∂u
∂x
+ 2
∂v
∂y
− ∂w
∂z
)
τzz =
2
3
μ
(
−∂u
∂x
− ∂v
∂y
+ 2
∂w
∂z
)
τxy = τyx = μ
(
∂v
∂x
+
∂u
∂y
)
τxz = τzx = μ
(
∂w
∂x
+
∂u
∂z
)
τyz = τzy = μ
(
∂v
∂z
+
∂w
∂y
)
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(τU)x = τxxu + τxyv + τxzw
(τU)y = τyxu + τyyv + τyzw
(τU)z = τzxu + τzyv + τzzw
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qx = −k∂T
∂x
qy = −k∂T
∂y
qz = −k∂T
∂z
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μ
μ∞
=
(
T
T∞
)3/2
(T∞ + S1)
(T + S1)
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k = μCp/Pr
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e = E − 1
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(
u2 + v2 + w2
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Φ˜ =
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ρ = ρ + ρ′ ρ′ = 0 ; P = P + p′ p′ = 0
Ui = U˜i + u
′
i ρu
′
i = 0 i = 1, 2, 3
E = E˜ + E ′ ρE ′ = 0 ; T = T˜ + T ′ ρT ′ = 0
 Ui = (U, V,W )  u
′
i = (u
′, v′, w′) Mi = 1, 2, 3N 
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∂W
∂t
+
∂
∂x
(f − fv) + ∂
∂y
(g − gv) + ∂
∂z
(h− hv) = 0 M N
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f * g  h 
W =
⎛⎜⎜⎜⎜⎜⎝
ρ
ρU˜
ρV˜
ρW˜
ρE˜
⎞⎟⎟⎟⎟⎟⎠ M N
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f =
⎛⎜⎜⎜⎜⎜⎝
ρU˜
ρU˜2 + P
ρ U˜V˜
ρ U˜W˜
U˜(ρE˜ + P )
⎞⎟⎟⎟⎟⎟⎠ , g =
⎛⎜⎜⎜⎜⎜⎝
ρV˜
ρV˜ U˜
ρV˜ 2 + P
ρV˜ W˜
V˜ (ρE˜ + P )
⎞⎟⎟⎟⎟⎟⎠ , h =
⎛⎜⎜⎜⎜⎜⎝
ρW˜
ρW˜ U˜
ρW˜ V˜
ρW˜ 2 + P
W˜ (ρE˜ + P )
⎞⎟⎟⎟⎟⎟⎠ M N
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fv =
⎛⎜⎜⎜⎜⎝
0
τxx − ρ u′u′
τxy − ρ u′v′
τxz − ρ u′w′
U˜ τxx + V˜ τxy + W˜ τxz − qx − ρE ′u′ − Pu′ + τxxu′ + τxyu′ + τxzu′
⎞⎟⎟⎟⎟⎠
gv =
⎛⎜⎜⎜⎜⎝
0
τyx − ρ v′u′
τyy − ρ v′v′
τyz − ρ v′w′
U˜ τyx + V˜ τyy + W˜ τyz − qy − ρE ′v′ − Pv′ + τyxv′ + τyyv′ + τyzv′
⎞⎟⎟⎟⎟⎠ M JN
hv =
⎛⎜⎜⎜⎜⎝
0
τzx − ρw′u′
τzy − ρw′v′
τzz − ρw′w′
U˜ τzx + V˜ τzy + W˜ , τzz − qz − ρE ′w′ − Pw′ + τzxw′ + τzyw′ + τzzw′
⎞⎟⎟⎟⎟⎠
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Vjac = Det(J) = xξ(yηzζ − zηyζ)− xη(yξzζ − zξyζ) + xζ(yξzη − zξyη) M! N
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